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The TileCal is the hadronic calorimeter covering the most central region of the ATLAS experiment at
LHC. It is a sampling calorimeter with iron plates as absorber and plastic scintillating tiles as the active
material. The scintillation light produced by the passage of charged particles is transmitted by
wavelength shifting ﬁbers to about 10,000 photomultiplier tubes (PMTs). Integrated to the calorimeter,
there is a composite device that allows to monitor and/or equalize the signals at various stages of their
formation. This device is based on signal generation from different sources: radioactive, LASER, charge
injection and minimum bias events produced in proton–proton collisions. Recent performances of these
systems are presented.
& 2012 Elsevier B.V. All rights reserved.1. Introduction
The TileCal calorimeter of ATLAS [1] has three key elements:
the scintillators, the photomultiplier tubes (PMTs) and the read-
out electronics [2,3]. The gain of each TileCal channel can be
affected by read-out defaults, stability of PMTs high-voltage,
PMTs stress induced by high light ﬂux or optics aging. The
calibration systems are used to monitor the stability of these
elements and provide per channel corrections.
The Tile calorimeter calibration relies on several dedicated
systems: spaced by weeks or months, calibrations of Tile optic compo-
nents with movable Cesium radioactive gamma source; frequent calibrations of phototube gains and linearities with
custom LASER calibration system; daily to weekly calibrations of digital gains and linearities with
charge injection system (CIS) integrated on the drawer front-
end; monitoring of beam conditions and Tile optics with the so-
called integrator system (min.bias).
The calibration tools follow different and partially overlapping
read-out paths allowing for easier identiﬁcation of potential
failure and for cross-checks.ion.2. Monitoring and calibration systems of TileCal
2.1. High voltage and temperature monitoring
High voltage is monitored channel by channel while tempera-
ture is recorded in a representative sample of 2.5% of the total
PMT number.
Stability monitoring of the PMT high voltage with respect to its
reference value, averaging over all PMTs for two running periods of
9 months in 2011 and 3months in 2012 shows a typical variation of
0.4 V leading to a gain variation lower than ﬁve per 1000.
The stability of temperature averaging over all drawers during
the same periods as for the HV monitoring analysis shows a
typical variation of 0.2 1C. This small variation allows for no
correction in the PMT gain since the gain dependence on the
temperature is 0.2%/C.
2.2. The charge injection system (CIS)
The CIS simulates physics signals in TileCal channels by
injecting a known charge and measuring the electronic response,
as described in [4]. It provides then a quantitative relationship
between the analogic physical signals from the Tile Calorimeter
photomultiplier tubes and the electronic response of TileCal read-
out channels. A set of CIS calibration constants are regularly
produced and applied to TileCal data.
2.3. The laser calibration
The gain of each PMT is measured using a LASER calibration
system [5] that sends a controlled amount of light in the
D. Boumediene / Nuclear Instruments and Methods in Physics Research A 718 (2013) 66–68 67photocathode of each PMT in the absence of collisions. The typical
precision of the laser system is better than 0.5% on the gain
variation. The LASER measurements are used for fast monitoring
of TileCal, for timing calibration and to correct the gain of some
speciﬁc channels.Fig. 1. Gain variation measured by three calibration systems, for one TileCal cell,
compared to LHC integrated luminosity in 2011.
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Fig. 2. The mean gain variation of the 10,000 channels is computed cell by cell as a fun
LASER system. The mean values are averaged over total azimuthal coverage of the det2.4. The Cesium calibration
The Cesium calibration system [6] is based on a movable
radioactive source using hydraulic control. The 137Cs g-source
moves inside the calorimeter body. The channel response to the
energy deposits is used to equalize the response of all the cells
and maintain global response of the calorimeter at the
electromagnetic scale.
The Cesium calibration tests the optical chain with a precision
better then three per 1000, including the scintillators aging effect.
2.5. The minimum bias integration
High energy proton–proton collisions are dominated by soft
parton interactions, so-called minimum bias (MB) events.
The response of the TileCal to signals induced by the MB
interactions is scalable with instantaneous luminosity and can be
used to monitor the stability of the channels and to provide an
independent cross-check of the Cesium calibration. The MB data
are continuously recorded during proton–proton collisions.3. Calibration and gain stability of TileCal
The time stability of the average read-out calibration con-
stants, as provided by Charge Injection System over 2011 for all
ADC channels, shows a typical channel stability of 0.7%. Similar
read-out calibration is applied on 2012 data.
An average up-drift of about 0.8% per year was observed by the
Cesium calibration in 2009–2010. This up-drift effect disappeared
in 2011 and 2012. Since LHC reached a high luminosity regime, a
sizable down-drift is seen when beam is on while the response
recovers slowly when beam is off, i.e. during LHC technical stops.
As shown in Fig. 1, the down-drift periods coincide with the
periods of data taken with high instantaneous luminosity, while
the up-drifts coincide with the technical stops (no collisions). The
maximum variation is below 1% over all 2011 data taking period
with an integrated luminosity of 5:6 fb1.
Such a luminosity induced drift is conﬁrmed by the laser
system. It mostly affects cells at inner radius that are the cells0.7 0.8 0.9 1.0 1.1
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the drift is clearly observed a few weeks after the ﬁrst collisions
of 2012.
A comparison of the drifts observed by TileCal monitoring
systems is also given on Fig. 1 for one typical cell. Their compat-
ibility indicates that the gain variation is dominated by the PMTs
gain variation.4. Conclusion
The calibration systems of Tile calorimeter were successfully
operated. Recent results of 2011 and 2012 have shown that these
systems can be used in conjunction to monitor and correct ﬁneunstabilities affecting the channels gain like PMT drifts induced
by high instantaneous luminosity or to identify the small fraction
of pathological channels.References
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